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Abstract 
The ability of short-term in vitro glycated albumin to react with monocytes or the monocyte-like cells U937 is due to the Amadori 
adduct fructosyllysine. Two binding proteins of about 100 and 200 kDa have been previously described to interact specifically with the 
monocyte-like cell line U937. Detergent extracts from U937 cell membranes were used to purify the 100kDa protein by ion exchange 
chromatography, fructosyllysine-Sepharose affinity chromatography and SDS-PAGE. Six amino acids from the N-terminal end and two 
peptide sequences of 14 and 15 amino acids were identical with the N-terminus and the positions 349 to 362 and 610 to 624 of the major 
nuclear protein nucleolin. However, ligand blotting experiments with nuclear extracts from U937 and RIN cells showed no binding of 
glycated albumin with nucleolin. The reported amino acid sequences of the 100kDa fructosyllysine specific binding protein do not show 
any homologies with AGE-receptors. This receptor protein as a nucleolin-like polypeptide belongs to the superfamily of RNA-binding 
proteins. 
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Glycation of proteins is a physiological, posttrans- 
lational, non-enzymatic modification, which is increased in 
states of chronic hyperglycemia. Fructosyllysine is the 
main glucose adduct in extracellular proteins, which is 
formed by a condensation between epsilon-amino groups 
of lysyl residues and glucose followed by an Amadori 
rearrangement [1]. Recently, it was shown that rat peri- 
toneal macrophages [2], human monocytes and some 
monocyte-like cell lines [2;] specifically recognize the fruc- 
tosyllysine moieties in short-term glucose-modified albu- 
min. By ligand-receptor c oss-linking and ligand blotting 
two integral membrane proteins of approximately 100 and 
200 kDa could be identified in U937 and Monomac 6 cell 
Abbreviations: AGE, adva~aced glycation end products; PMSF, 
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membrane preparations, that specifically interact with the 
fructosyUysine r sidues in short-term glycated albumin [3]. 
We report herein the purification of the 100kDa receptor 
protein and partial amino acid sequences, which show its 
difference from earlier reported receptors for advanced 
glycation end products (AGE) [4]. 
The monocyte-like cell line U937 was subcultured ac- 
cording to previously described procedures [3]. Cells were 
grown in RPMI 1640, containing 10% heat-inactivated 
fetal calf serum and 2% kanamycin (Gibco, Berlin). 
For the purification of the fructosyllysine-specific mem- 
brane proteins cells were harvested by centrifugation and 
homogenized. The nuclei were pelleted by centrifugation 
at 1500 x g for 5 rain. Cell membranes were collected by 
centrifugation at 100 000 X g for 90 min and dissolved in 
0.02 M Tris, 0.1 M NaC1, 38 mM n-octyl-fl-glucoside, 1 
mM phenylmethylsulfonylfluoride (PMSF), 10 mM benza- 
midine, 10 /xg/ml leupeptin (pH 8.0). After 90 min 
centrifugation at 100000 X g the supernatant (about 180 
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mg solubilized membrane protein in 36 ml lysis buffer) 
was applied to a 1.5 X 30 cm DEAE-Sephadex A-25 col- 
umn (Pharmacia Freiburg), equilibrated with 0.02 M Tris, 
0.03 M NaC1, 38 mM octylglucoside, 10 mM benzami- 
dine, 1 mM PMSF (pH 8.0). The column was washed with 
85 ml of equilibrating buffer and eluted with 210 ml of a 
salt and pH gradient generating buffer of 0.02 M Tris, 1 M 
NaC1, 38 mM octylglucoside, 10 mM benzamidine, 1 mM 
PMSF (pH 6.5). The column was eluted with 24 ml /h  and 
4.5 ml fractions were collected. Fractions containing the 
binding proteins were identified by dot blot analysis with 
125I-labeled glycated albumin on NC-membranes (Sigma, 
Deisenhofen), concentrated by Centriprep 30 units 
(Amicon, Witten) and adjusted to the binding buffer of 
0.02 M Tris, 0.15 M NaCI, 0.5 mM CaCI2, 38 mM 
octylglucoside and the antiproteolytic agents (pH 7.4). The 
solutions (10-12 ml) were incubated with 8 g of wet 
frnctosyllysine-Sepharose f r 9-10 h with gentle shaking. 
Therafter, the batch was filled in a 1 X 10 cm column. The 
column was washed with 50 ml binding buffer and eluted 
with 20 ml 0.05 M diethylamine, 0.15 M NaCI, 38 mM 
octylglucoside and antiproteolytics (pH 11.5). Immediately 
after sampling the pH was adjusted to 7.4 with 1 M HC1. 
The eluates were concentrated and further purified by 
sodium dodecyl sulfate polyacrylamide g l electrophoresis 
(SDS-PAGE). All preparation steps were performed at 
4°C. 
Frnctosyllysine-Sepharose was prepared by reacting Ly- 
sine-Sepharose (Pharmacia Freiburg) with 0.5 M glucose, 
1 mM EDTA, 2 mM NaN 3 in 0.1 M Tris (pH 7.4) for 5 
days at 37 ° C. 
SDS-PAGE with 7.5% acrylamide and ligand blots 
were carried out as described. The gels were either stained 
with Coomassie blue G-250 or blotted with 125I-labeled 
glycated albumin [3]. 
The l l0kDa protein was eluted from SDS-polyacryl- 
amide gel and digested with Lys C (Boehringer, 
Mannheim), 2 /~g/ml in 50 mM Tris/HCl, 1 mM EDTA 
(pH 8.0) overnight at 37 ° C. The mixture was then supple- 
mented with formic acid and the peptide fragments were 
separated by reversed phase HPLC using a Superspher 
Select-B column (Merck, Darmstadt). Micro-sequencing of 
two purified peptides was carried out on a LF 3600 Porton 
gas phase sequencer (Beckman). 
Proteins from isolated nuclei of U937 cells were ex- 
tracted in a similar way as to prepare membrane proteins 
with ommission of octylglucoside. The nuclear proteins of 
RINm5F cells (a rat insulinoma cell line) were a gift of Th. 
Schwarz-Romond from our Institute and were prepared as 
reported [5] with a modification [6]. From each nuclear 
extract aliquots of 200/xg (U937) and 70/xg protein (RIN 
cells) were subjected to ligand blotting. 
Because the fructosyllysine-specific b nding proteins 
are only minor components of integral membrane proteins, 
procedures were used that effectively eliminate the bulk of 
contaminating proteins. The non-bound proteins in the 
0.3 
2..0 
0.2 
z 
j~ 1.o "5 
< 0.1 
0.0 0.0 
o 20 40 60 80 
Fraction Number 
Fig. 1. Elution diagram of U937 membrane proteins on a DEAE-Sep- 
hadex A-25 column (1.5 X30 cm). The column was equilibrated with 
0.02 M Tris, 0.03 M NaCI, 38 mM n-octyi-/3-glucoside and antiprote- 
olytic agents (pH 8.0), as described in the main text. 180 mg solubilized 
membrane proteins in 36 ml 0.02 m Tris, 0.1 M NaC1, 38 mM octyl- 
glucoside and antiproteolytics (pH 8.0) were loaded onto the column. The 
proteins were separated by washing with 85 ml of the equlibrating buffer 
and by elution with a pH and salt gradient (pH 6.5) (210 ml). Elution 
velocity was 24 ml/h. 4.5-ml fractions were collected. The 200kDa 
protein was eluted in fractions 3 to 11. The ll0kDa protein was obtained 
in fractions 33 to 39. The fructosyllysine-specific binding proteins were 
detected by dot blot analysis using 125I-labeled glycated albumin. 
DEAE-ionexchange chromatography mainly contained the 
200kDa receptor protein (fractions 3-11, Fig. 1). This 
protein precipitated in the eluates and was denatured. 
Therefore, efforts were made to purify the 100kDa 
fructosyllysine-specific b nding protein, which was ob- 
tained in the second main fraction of the ion exchange 
chromatography (fractions 33-39, Fig. 1). Application of 
these concentrated fractions to the affinity reagent fructo- 
syllysine-Sepharose revealed a protein fraction after des- 
orption with an alkaline buffer, which was not detectable 
by UV-monitoring at 280 nm. Concentration of eluates 
from 14 affinity binding experiments (280 ml) to 200 /~1 
resulted in the following patterns in the SDS-PAGE (Figs. 
2 and 3): a main l l0kDA protein fraction and some 
unknown products, which could be a result of protein 
degradation From 1.4 g membrane protein isolated from 91 
g U937 cells (about 4.5 X 10 9 cells) approximately 40 /~g 
of the l l0kDa protein were purified. 
This l l0kDa protein was subjected to N-terminal and 
partial amino acid sequence analysis by Edman degrada- 
tion [7]. The results obtained are summarized in Table 1. 
The N-terminal amino acid is blocked. The following 6 
amino acids as well as 14 and 15 amino acids, respec- 
tively, in two tryptic peptides are identical with the N- 
terminal end and with the positions 349 to 362 and 610 to 
624 in the amino acid sequence of nucleolin, a major 
nuclear protein with RNA-binding properties [8-10]. There 
are no sequence homologies with AGE-receptors [4]. 
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Table 1 
Partial amino acid sequences of a fructosyllysine-specific b nding protein 
and nucleolin 
Binding protein Nucleolin 
N-terminal end VKLAKA MVKLAKA 
Peptide 1 FGYVDFESAEDLEK FGYVDFESAEDLEK 
(positions 349 to 362) 
Peptide 2 KGPGFVDFNSEEDAK KGFGFVDFNSEEDAK 
(positions 610 to 624) 
Ref. for nucleolin [9,10] 
47 
t 
Fig. 2. Lane 1: SDS-PAGE of cell membrane proteins (crude extract) 
from U937 cells (200 ~g), Coomassie-stained. Lane 2: Ligand blot 
detection of fructosyllysine-specific b nding proteins in crude membrane 
extracts from U937 cells after blotting on NC-membranes and incubation 
with 125I-labeled glycated albumin. Besides the 110- and 200kDa pro- 
teins, a fraction of 155kDa cou]d be seen, which is apparently a degrada- 
tion product. 
The N-terminal Edman degradation revealed a single 
N-terminal amino acid sequence (Table 1). After cleavage 
with endoproteinase LysC and amino acid sequence analy- 
sis of several peptide fragments only sequences of nucle- 
olin were found (Table 1). Therefore, it could be assumed, 
that the l l0kDa fraction contained a single protein, which 
is identical or highly homologous to nucleolin. 
For determination, that it is not nucleolin, but a nucle- 
olin-like protein, which binds fructosyllysine moieties in 
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Fig. 3. Lane 1: Ligand blot of the l l0kDa fructosyllysine-specific b nding 
protein after ion-exchange chrnmatography (fractions 33 to 39). Lane 2: 
SDS-PAGE of fructosyllysine-specific b nding proteins from U937 cells 
after fructosyllysine-Sepharose affinity chromatography, Coomassie Blue 
staining. The l l0kDa protein was used for amino acid sequencing. 
glycated albumin, we investigated the binding behavior of 
nuclear extracts from U937 and RINm5F cells by ligand 
blotting with 125I-labeled glycated albumin after SDS- 
PAGE. There was not any binding reaction in the mole 
mass range of nucleolin (110 kDa) or in lower ranges. This 
result indicates that nucleolin, which is a soluble main 
component of cell nuclei [8], has amino acid sequences in
common with the 110kDa fructosyllysine specific mem- 
brane protein, but is not completely identical with this 
receptor. Earlier studies have suggested that, although 
nucleolin is a nuclear protein which predominantly c cles 
between the nucleolus and the cytoplasma [11], minor 
amounts of it or related proteins can be found on the 
surface of some cells [12-14]. The results of the present 
study show that the 110kDa fructosyUysine-specific mem- 
brane receptor belongs to the superfamily of RNA-binding 
proteins as a nucleolin-like polypeptide. 
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